In this study, it was aimed to determine the epiphytic and non-epiphytic lichen diversity variations in Mediterranean maquis and arborescent matorral habitats. One of Turkey's national parks, Altınbeşik Cave National Park in Antalya, Turkey, was chosen as the research area as this habitat type is very common in the park. In this research, lichen diversity was calculated according to the data of species richness and species frequency. For identify possible variations of the lichen species composition in this habitat type, this research was planned on three major hills in the park. In addition, localities were selected from four different slope directions and tops of the hills. Statistical tests were used to analyze whether there was a difference or similarity on data. Moreover, the statistical relationships between the data of grouped localities with the data of diversity calculation classes were investigated. As a result of this study; lichen diversity of Mediterranean maquis and arborescent matorral habitats was put forth. Secondly, species richness and frequency of northern localities of Mediterranean maquis and arborescent matorral habitats were found to be significantly higher and community composition of northern localities was found to be much different than other localities.
Introduction
Lichens are sensitive to even weak changes in their environments (Rose and Hawksworth, 1981; Ellis et al., 2007; Johansson, 2008; Nascimbene et al., 2012) . Their sensitivity to environmental changes has been subject to numerous investigations (Gombert et al., 2004; Svoboda et al., 2010; De Guevara et al., 2014; Branquinho et al., 2015) . When a change occurs in the environment of lichens, species richness and community composition changes to ones that are suitable for new conditions and replace previous lichen (Gadsdon et al., 2010; Johansson et al., 2012; Lang et al., 2012) . This characteristic of the lichens is the reason why they are indicators of different ecosystem and habitat diversity (McCune, 2000; Rogers and Ryel, 2008; Nascimbene et al., 2012) . In addition, by monitoring changes in lichen diversity, forest health can be determined (McCune, 2000; Thormann, 2006; Fenn et al., 1998; Geiser and Neitlich, 2007; McMurray et al., 2015) . In order to determine the ecological condition of the areas according to the lichen diversity, it should be known which lichen composition is seen in which habitat.
Many researches have been done on lichen diversity variations of forests until now (Rogers and Ryel, 2008; McMullin et al., 2010; Koch et al., 2013 ; Bartels and Chen., 2015) . There is also a large number of studies on the determination of the lichen richness in Mediterranean habitats (John, 1996; Litterski, 1997; Nimis and John, 1998 ;
Materials and methods

Study area
Altınbeşik Cave and surrounding area were declared as national park in 1994; located between 37°01.19' to 37°04.37' N, and 31°35.49' to 31°38.52' E ( Fig. 1) . The park covers 1156 ha area, where the lowest altitude is 380 m, and the highest is 1165 m. The study was conducted on three major hills (Altınbeşik, İnönü and Kale) in the national park. The park is located in the rainy Mediterranean bioclimate zone according to the Emberger quotient (Çinbilgel and Gökçeoğlu, 2010b) . The park generally covers with maqius and arborescent matorral habitats due to Mediterranean climate and karstic geomorphological structure of the area. Quercus coccifera L., Pistacia palaestina (Boiss) Engl., Olea europea L. var. sylvestris (Mill.) Brot., Phillyrea latifolia L., Juniperus excelsa M. Bieb., Pinus brutia Ten. are the most common members of the 
Sampling and data collection techniques
The lichen samples have been collected in April 2017, January 2019 and deposited in O. Tufan-Çetin's private fungarium in Akdeniz University. Field studies were carried out in 15 localities (sampling area approximately 1.5 ha) ( Table 1 ; Fig. 1 ). The localities were selected from four different directions and tops of the 3 hills (Altınbeşik, İnönü and Kale; Fig. 1 ) and contain same habitat patterns (maquis and arborescent matorral habitat) and same superficial geological structure. The hills represent three different altitude groups: Altınbeşik (500-700 m), Kale (700-900 m), İnönü (900-1100 m). Detail information and the abbreviated names of all localities were listed in Table 1 . Sampling for richness and frequency data of lichens were recorded in 5 × 25 cm quadrats with five units (5 × 5 cm) for both epiphytic and non-epiphytic lichens. Frequency data was determined that based on the ratio of occurrence of the species in quadrats (Asta et al., 2002a, b) . Epiphytic lichens were obtained from the trunks or stems of J. excelsa, P. latifolia, P. palaestina and Q. coccifera that found on all localities. Six individuals of each four plant species were selected and quadrats were placed 1 m above the ground and on four sides of the trees in each locality (Asta et al., 2002a) . Also; non-epiphytic lichens from ground and rocks (calcareous and siliceous) were sampled 96 times. 
Data analysis
The relations in recorded richness and frequency data from Altınbeşik Cave National Park were analyzed by correlation tests. First, the normality of the data was examined by the Shapiro-Wilk test. Pearson correlation test was used for normal distribution data set where Spearman's rho was used in other cases. The significance of all rankings was calculated by linear regression analysis. As of species richness and frequency data were not normally distributed, the Kruskal Wallis test (Kruskal and Wallis, 1952 ) was used to determine whether there is a difference within the data obtained from the localities. Since the variances were found unequal, Tamhane's T2 post-hoc test was applied to determine which localities differ from the others. All these analyses were performed by SPSS 23.0.
In terms of the lichen richness data, similarity of localities was calculated by Sørensen (Bray-Curtis) similarity index with group average algorithm (UPGMA). On the other hand, differences of community composition on maquis and arborescent matorral habitats were analyzed with non-metric multidimensional scaling (NMS) (McCune et al., 2002) using "medium" autopilot mode with the Sørensen (Bray-Curtis) distance measurement. The relationship of diversity calculation classes (joint plots) with the community composition was also investigated. Joint plots (total richness, total frequency, epiphytic and nonepiphytic richness, epiphytic and non-epiphytic frequency) were included in NMS analysis. By multi-response permutation procedure (MRPP) analysis (McCune et al., 2002) , community composition of four slope directions and tops of hills, also separately three hills were compared on PC-ORD 6.08.
Results
Total 123 lichen taxa were identified from 15 selected Mediterranean maquis and arborescent matorral habitat localities in Altınbeşik Cave National Park. They are listed in Table 2 in alphabetic order. New lichen taxa for Antalya Province of Turkey are highlighted by an asterisk (*) in this list. Also, the list includes average frequencies of epiphytic and non-epiphytic taxa and their total average frequencies (total frequency) and total richness data. Total frequency and total richness data for each locality were examined and were not found normally distributed. Therefore, Spearman's rho test was used to determine whether there is any relationship between total frequency and total richness data. As a result; a strong linear relationship was found between total frequency and total richness of each localities in the positive direction (p = 0.000, r = 0.991).
Based on the data of total frequency and total richness of each locality, the graph in Figure 2 was formed (The altitude of the localities are also shown in the graph). As shown in the graph, each localities were sorted from high to low total richness as follows N-A > N-
K > S-A > T-A > T-K > N-I > E-I > W-K > S-I > S-K > T-I > W-A >
E-A > W-I > E-K (r = 0.868) and according to total frequency; from high to low: N-A > N-K > W-K > S-A > T-K > S-I > T-I > T-A > S-K > N-I > E-A > W-I > E-I > W-A > E-K (r = 0.852). In terms of total richness and frequency, the highest results were obtained from northern slopes of Altınbeşik Hill (N-A), whereas lowest results were from eastern slopes of Kale Hill (E-K). In addition, while data of N-A constitutes 16.11% of the total frequency and 21.14 of the total richness, data of E-K constitutes 2.60% of the total frequency and 10.57% of the total richness. It can be seen from the Figure 2 while the northern slopes show the highest variation in lichen diversity in maquis and arborescent matorral habitats, the eastern slopes show least. On the other hand, in terms of data of species richness and species frequency, at least one locality was found significantly different than the other localities, statistically (Kruskal Wallis, p = 0.000). Since all variances are not homogeneous, nonparametric Tamhane's T2 post-hoc test was preferred to understand which localities are different. According to richness and frequency data, especially two north localities N-A and secondly N-K are different than other 13 localities. The post-hoc test results of both localities are given at Table 3 . While the similarity of localities was examined, a Sørensen dendogram based on species richness was obtained ( Fig. 3) . According to dendrogram, lichen richness of same slope directions is similar and also tops localities show similarity. The northern localities are in a separate similarity group the rest being in another similarity group; top localities and western localities are also in separate similarity groups. Taxa  56  25  44  17  25  13  33  23  23  19  16  25  27  21  26 *The mean lichen taxa are new for Antalya province of Turkey Total frequency data were calculated by the ratio of the total frequency of taxa to the number of occurrence of the taxa. In the list, the average frequencies of epiphytic taxa were divided according to each tree species on which the taxa were placed -A: Altınbeşik Hill, -I: İnönü Hill, -K: Kale Hill, E: East slopes, N: North slope, S: South slopes, W: West slopes, T: Tops After these results were determined, total frequency and total richness data were grouped based on localities at different slope directions and tops of the hills (Fig. 4) . Also; localities from three hills grouped separately and plotted accordingly (Fig. 5) . As two comparison data showed normal distribution, Pearson test was used for correlation analysis of these. While there was a very strong linear relation in data of four slope directions and data of tops (p = 0.008, r = 0.963), no relation was found within the data of the three hills (and the three altitude groups). As seen from the graphs, the total http://www.aloki.hu • frequency of different slope directions and tops is sorted from high to low as follows: North > South > Top > West > East (r = 0.885); total richness data as North > South > Top > East > West (r = 0.911). Total northern data were found to be significantly higher than other directions and tops (Fig. 4) . Also; total frequency data results obtained from the three hills are as follows from high to low (These hills also represent different altitude groups): Altınbeşik (500-700 m) > Kale (700-900 m) > İnönü (900-1100 m) (r = 0.917); total richness data as: İnönü (900-1100 m) > Altınbeşik (500-700 m) > Kale (700-900 m) (r = 0.952) ( Fig. 5) . When Kruskal Wallis test was applied for data of species richness and species frequency of different slope directions and tops, at least one data group statistically differentiates from others (p = 0.000). In addition, according to Tamhane's T2 post-hoc test results; northern slopes data significantly differ from the data of other directions and tops ( Table 4 ). When species richness and frequency data of the three hills were analyzed; difference is available for the frequency data (Kruskal Wallis, p = 0.033) and richness data (Kruskal Wallis, p = 0.011) of the three hill. Tamhane's T2 post-hoc test result showed; Inönü Hill (900-1100 m) is different from Altınbeşik Hill (500-700 m) based on species richness data and it is different from Altınbeşik and Kale (700-900 m) Hills based on frequency data ( Table 5 ). When species community composition was summarized according to frequency data by non-metric multidimensional scaling (NMS), it was seen that 3 axes explained total variation with 82.89% (axis 1 48.20%; axis 2 21.81%; axes 3 12.88%). For 3dimensional solution, the final stress rate was 12.41% and instability was 0.00000. At Figure 6 , an ordination graph was given based on these NMS results with joint plot vectors (total richness, total frequency, epiphytic and non-epiphytic richness, epiphytic and non-epiphytic frequency). Examining Pearson correlation of axes and vectors; it was found that total richness (r = 0.624), epiphytic richness (r = 0.610), non-epiphytic richness (r = 0.470), epiphytic frequency (r = 0.552), non-epiphytic frequency (r = 0.462) and total frequency (r = 0.556) showed high positive correlations with axis 1. At axis 2; whereas all diversity vectors had descending relation, epiphytic richness (r = 0.708) and epiphytic frequency (r = 0.715) were associated with ascending gradient. It can be understood from the results and graph; the epiphytic richness and frequency are more related to the data from southern slopes than data from the top and other slopes. Furthermore, while all other vector parameters were associated with the northern slopes, Figure 6 shows non-epiphytic richness and frequency are also associated with the data of tops of hills.
Epiphytic Taxa on Q. coccifera N-A N-I N-K E-A E-I E-K S-A S-I S-K W-A W-I W-K T-A T-I T-K
Epiphytic Taxa on J. excelsa N-A N-I N-K E-A E-I E-K S-A S-I S-K W-A W-I W-K T-A T-I T-K
Epiphytic Taxa on P. latifolia N-A N-I N-K E-A E-I E-K S-A S-I S-K W-A W-I W-K T-A T-I T-K
Non-Epiphytic Taxa N-A N-I N-K E-A E-I E-K S-A S-I S-K W-A W-I W-K T-A T-I T-K
General Total Richness of All
Lichen community composition of tops and four slope directions of hills were compared as small-scale with MRPP. The results were presented in Table 6 . In a MRPP analysis, in case chance-corrected within-group agreement (A) value is higher than 0.3, this A value is enough to say the compositions are different (McCune et al., 2002) . When the results of analysis were evaluated according to this information, species composition of northern slopes versus southern, eastern, western slopes and tops were found distinctly different as well as western slopes versus tops ( Table 6) . On NMS graph, also MRPP results are reflected ( Fig. 6) . Also it was experimented comparison of lichen community composition as large-scale with the data of three hills. In Table 6 , MRPP comparison of lichen community composition of three hills is given separately. According to this table, no significant difference is observed in any pairwise comparison. 
Discussion
The study was carried out to determine the compositional diversity of lichen species in selected Mediterranean maquis and arborescent matorral habitats in Altınbeşik Cave National Park. Nascimbene et al. (2013) listed 35 articles examining lichen richness, diversity and composition of different habitats in different European countries. These articles were based on epiphytic lichens that live on forest trees. This study differentiates from those articles by examining epiphytic and non-epiphytic lichens on maquis and arborescent matorral habitats in the Mediterranean region. Therefore; it is the first research about lichen community composition subject on maquis habitats in Eastern Mediterranean Region.
Among the frequency and richness data of selected Mediterranean maquis and arborescent matorral habitats from tops and four slope directions of three hills in the northern data were found significantly higher and differ than others. According to results from Sorensen Similarity Index: slopes at same directions are similar, also top localities shows similarity within themselves. Among them northern localities shows the highest similarity. According to MRPP results; species composition of northern slopes is statistically different than southern, eastern, western slopes and top localities. In addition, it was found; all lichen diversity calculation classes (total richness, total frequency, epiphytic and non-epiphytic richness, epiphytic and non-epiphytic frequency) are related with the northern slopes according to NMS ordination test. Hence, it was concluded that all lichen diversity calculation classes are high in the northern localities. North slopes of hills are typically cool, shady and have high atmospheric humidity (Moser et al., 1979) . As lichens are poikilohydric organisms, their water content changes according to the surrounding environmental conditions (Nash, 2008) . After recurring hydrationdrying cycles, they become metabolically active in humid air (Bidussi et al., 2013) . In Mediterranean Region when temperature is sufficient for metabolic activity of lichens, humidity becomes more critical than light in terms of vitality (Aragón et al., 2010) . Furthermore, dew is a very important water supply for lichens. Dew at Northern slopes has higher frequency and longer duration than the ones at the other directions (Kidron et al., 2002) . All this information may be used to explain the reason for the higher similarities and diversities of the northern slopes in Mediterranean maquis and arborescent matorral habitats compared to the other localities observed in this study.
In a previous study, the response of lichen richness and abundance were examined according to land use intensity. According to this study; epilithic lichen diversity increases along the gradient of increase intensity of land use from forested to nonforested areas (Giordani et al., 2010) . Similarly, according to NMS ordination test of current study; richness of non-epiphytic lichens, which lives on rocks and ground, was found to associate with the data of the tops of the hills which are the most nonvegetation areas of the Mediterranean maquis and arborescent matorral habitats. Besides, the epiphytic richness was determined to be more related to the southern slopes than other slopes. The most important environmental factor for epiphytic lichens is diffuse but fairly bright light (Rose, 1992; Renhorn et al., 1997; Sillett et al., 2000) . This kind of light is mostly on the southern slopes. This may be one of the reasons to explain the relationship between southern slopes and epiphytic lichens in Mediterranean maquis and arborescent matorral habitats.
According to the results obtained from three hills in the Altınbeşik Cave National Park, least amount of lichen species richness but most frequency data were determined from İnönü Hill. While species frequency of this hill was found statistically different than other hills, species richness is different than only Altınbeşik Hill. As İnönü hill represents altitudes of 900-1100 m, this finding suggests; it is possible to find interesting lichen composition in Mediterranean maquis and arborescent matorral habitats at these altitudes in comparison to other altitudes.
Also lichen community composition of 3 hills was found similar according to NMS results. In a similar research on macro lichen diversity; the species richness and species abundance of areas were compared (Wiersma and McMullin, 2018) . According to this study, it is reported that there is no difference in species richness or abundance in largescale areas. This case suggests that similarity and difference measurements of lichen community compositions may be misleading on large-scale research areas. Similarly in this study, it was found that the composition of lichen in Mediterranean maquis and arborescent matorral habitats can show great variation in small-scale areas.
Conclusion
Mediterranean maquis and arborescent matorral habitat type is found across the entire Mediterranean biogeographical zone. In this study, it was aimed to determine the epiphytic and non-epiphytic lichen diversity in Mediterranean maquis and arborescent matorral habitats. Lichen diversity in this study was calculated according to the data of species richness and species frequency. In addition, it was examined the existing differences or similarities of lichen diversity at different directions, altitudes, and substrates (epiphytic and non-epiphytic) in this habitat type. Among the frequency and richness data of selected Mediterranean maquis and arborescent matorral habitats from tops and four slope directions of three hills, the northern data were found significantly higher and differ than others. According to results from Sorensen Similarity Index: slopes at same directions are similar, also top localities shows similarity within themselves. Among them northern localities shows the highest similarity. According to MRPP results; species composition of northern slopes is statistically different than southern, eastern, western slopes and top localities. In addition, it was found; all lichen diversity calculation classes (total richness, total frequency, epiphytic and non-epiphytic richness, epiphytic and non-epiphytic frequency) are related with the northern slopes according to NMS ordination test. In addition, richness of non-epiphytic lichens, which lives on rocks and ground, was found to associate with the data of the tops of the hills which are the most non-vegetation areas of the Mediterranean maquis and arborescent matorral habitats. Besides, the epiphytic richness was determined to be more related to the southern slopes than other slopes. Though it was found that lichen community composition shows great variation in Mediterranean maquis and arborescent matorral habitat, community composition of 3 hills was found similar according to NMS results. This result suggests that choosing large-scale areas for determining differences on lichen communities may have misleading results.
